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Friedman Cosmologic 11 Models w i t h  

both  Radiat ion & Matter- 

I n  a r e c e n t  paper ,  an a n a l y t i c  s o l u t i o n  t o  E i q s t e i n ' s  

1 
f i e l d  equat ions  was given.  This s o l u t i o n  r e p r e s e n t s  a 

homogeneous & i s t r o p i c  universe  contain'ng both r a d i a t i o n  

and dus t :  t h e  space- l ike su r face  (on which t h e  mat te r  i s  

comoving) is f l a t .  HQwever, using arguements based on Mach's 

p r i n c i p l e ,  Wheeler' argues t h a t  space is  c losed .  

p l i e s  for a Friedman universe  t h a t  t h e  cu rva tu re  i s  p o s i t i v e .  

This i m -  
. .  

On t h e  o the r  hand, us ing  s t a t i s t i c a l  argu d" ments and obser- - .  
v a t i o n a l  d a t a ,  H-Y Chiu3 argues t h a t  t he  universe  can be 

descr ibed  by an open Friedman model w i t h  nega t ive  curva ture .  

This  disagreement cannot be resolved a t  t h i s  t i m e  s i n c e  t h e  

.energy d e n s i t y  of t h e  universe  i s  n o t  known t o  s u f f i c i e n t  

- 1  accuracy. I n  view of t h i s ,  i t  seems reasonable  t o  cons ider  

-.. a l l  t h r e e  friedman cosmological models . 
s 

v 

A universe  which i s  s p a t i a l l y  homogeneous & i s o t r o p i c  but  

n o t  n e c e s s a r i l y  f l a t  can be descr ibed by t h e  Robertson-Walker 

metr i c4 :  
..- 

ds2=-dt 3 2  '+a (t) [ 1+(k/4) u2I2(du2+u2 (dg2+sin20d(fi2J ,. 
2 ,  N 67 - 39 319 
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re k=l,O,-1 c rresponds r e s p e c t i v e l y  t o  p o s i t i v e ,  zero ,  

nega t ive  cu rva tu re  of t h e  space l ike  s u r f a c e  t= cons tan t .  W e  

a l s o  assume t h a t  t h e  r a d i a t i o n  & d u s t  expand independently & 

a d i a b a t i c a l l y  and t h a t  (8v/3) p m  =Km aw3 f o r  t h e  d u s t  and 

~;=3p~=3K,a-~/8,for t h e  r a d i a t i o n  ,where Km and Kr a r e  

Constants.  This choice  s a t i s f i e s  t h e  conserva t ion  law 

+3;,,=o=(pa *+p (a31 

where the  d o t  denotes  d i f f e r e n t i a t i o n  w i t h  respect t o  t i m e ) p  

is  t h e  energy d e n s i t y ,  and p i s  t h e  pressure .  

3 L 

u 

The only 

remaining equat ion t c  be solved is  

a ‘2 +k=% a -1 +I(R a -2 . 
If this equat ion & t h e  conservat ion law a r e  s a t i s f i e d , t h t  

other E i n s t e i n  equat ion  is s a t i s f i a d  a u t o m ~ t i c a l l y .  

The three so lut ions  are: 

t-to= (KR+Kma-a ) ’ +(5,,/2) sin-’ [ , (%=?a)  (K,m+4Kr)’] 2 

f o r  k= l  p o s i t i v e  curva ture ,  
t - t o=2  (K a-2%) (Kr+Kma) 4 /3Km 2 

m 
for  k = O  z e r o  curva ture ,  

t - t o = ( K  +K a+a2)* -(K /2) I n  KKR+Kma+a ‘ 2 ’  ) +a+(Km/2)] 
R m  m 

.. fo r  k=-1 nega t ive  curvaturm,. 

For completeness we  gave a l l  three s o l u t i o n s .  

t h a t  a=O a t  t = O  f i x e s  t h e  i n t e g r a t i o n  c m s t a n t  to. 

The requirement 
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1 The hubble cons t an t  H=i/a and t h e  d e c e l e r a t i o n  parameter 

.. 
q=;a/aH2 a r e  r e l a t e d  t o  t h e  t o t a l  energy d e n s i t y  and p res su re  

v i a  

3qH2 = qn(P-l-3~) 

Using the t o t a l  energy d o n o i t y  and thg energy denoity o f  the 

r a d i a t i o n ,  one can ( i n  p r i n c i p l e )  f i n d  the curva ture  cons t an t  

k v i a  

ka'2 = (8rr/3) p-H2. 

However, because of  t he  unce r t a in ty  i n  t h e  d e n s i t y ,  t h e r e  i s  

no gene ra l  agreement on t h e  value of k ', 

is  complicated s t i l l  f u r t h e r  s ince t h e  mass d e n s i t y  necessary 

fo r  t h e  b inding  of  our  c l u s t e r  of g a l a x i e s  is much l a r g e r  

t han  t h a t  which 5s observed . 

3 .  The s i t u a t i o n  
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